The objective of this study was to examine multiple risk factors and correlated malignant neoplasms of blackfoot disease (BFD), a unique peripheral vascular disease related to continuous exposure to high-arsenic artesian well water. A total of 241 BFD cases, Including 169 with spontaneous or surgical amputations of affected extremities, and 759 age-sex-resldence-matched healthy community controls were studied to explore the risk factors of BFD. Multiple logistic regression analysis showed that artesian well water consumption, arsenic poisoning, familial history of BFD, and undernourishment were significantly associated with the development of BFD. The life-table method used to analyze cancer mortality of 789 BFD patients followed for 15 years showed a significantly higher mortality from cardiovascular diseases, peripheral vascular diseases, and cancers of bladder, skin, lung, and liver among BFD patients as compared with the general population In Taiwan or residents In the BFD-endemic area. The results Imply the atherogenicity and carcinogenicity of the artesian well water In the BFD-endemic area.
B lackfoot disease (BFD) is an endemic peripheral vascular disorder confined to a limited area on the southwest coast of Taiwan. 1 Clinically the disease starts with numbness or coldness of one or more extremities and intermittent claudication which progress to black discoloration, ulceration, and gangrene. In trie end stages of the disease, spontaneous or surgical amputations of distal parts of affected extremities are common. 2 Extensive pathological study showed that 30% of BFD patients had histological lesions compatible with thromboangiitis obliterans and 70% showed changes of arteriosclerosis obliterans. 3 BFD has long been related to the drinking water derived from artesian wells in the endemic area; 4 -7 however, the etiology of this disease still remains unclear. While artesian well water was commonly used in the BFD-endemic area, the prevalence of the disease was only 8.9 per 1000 at most. 7 The lifetime cumulative incidence rate of BFD was estimated to be less than 10% among those who drank artesian well water. 8 It is important to explore the reason why most residents who consumed artesian well water were free of the disease. Both fishermen and salt-field workers had significantly higher BFD morbidity than did farmers and those who engaged in other occupations. 1 Socioeconomic status was also found to be associated with the disease. 6 Undernourishment of residents in BFD-endemic areas may also play some role in the determination of the disease. 9 It seems reasonable to hypothesize a multifactorial etiology of BFD. In addition to drinking artesian well water, there might be other risk factors that predispose to, or precipitate the manifestation of, the disease.
The prevalence rate of skin cancer in the BFD-endemic area was reported as high as 10.6 per 1000 5 and a dose-response relationship was observed between the skin cancer prevalence rate and the arsenic concentration of the well water in villages of the area. 7 Skin cancer has been found to be closely related to BFD, 5 and BFD patients had higher proportionate mortality ratios from cancers (18.8%) than did the general population in the endemic area (13.1%). 7 A recent study did show a significantly higher standardized mortality ratio from cancers of internal organs, especially bladder, kidney, lung, and liver, among residents in the BFD-endemic area than in the general population in Taiwan. 10 A case control study also found significant dose-response relationships between the use of artesian well water and cancers of lung, liver, and bladder. 11 The risk of developing internal organ cancers among BFD patients needs further elucidation. The interrelationship between the atherogenicity and the carcinogenicity of artesian well water in BFD-endemic areas should also be examined.
This study was carried out with the following specific aims: 1) to explore the possible risk factors of BFD in addition to artesian well water, 2) to assess the effects of 452 PERIPHERAL VASCULAR DISEASE AND CANCERS Chen et al. 453 multiple risk factors on the development of BFD, and 3) to examine the mortality from malignant neoplasms of internal organs and vascular diseases among BFD patients.
Methods

Study Area
The area covered in this study was limited to the townships of Peimen, Hsuechia, Putai, and Ichu where previous studies have shown BFD to be distinctly prevalent with rates per 1000 of 5.57, 3.87, 2.02, and 0.64, respectively. 1 These four neighboring townships are located on the southwest coast of Taiwan. The soil of this area has a high salt content, and the water from shallow wells (6 to 8 m in depth) also has a high salinity. For this reason, some residents of this area, especially those living in villages along the coast, have been using water from artesian wells (100 to 300 m deep) since the 1920s. 12 It was noted in an early report that the arsenic content of artesian well water in the BFD-endemic area ranged from 0.35 to 1.14 ppm with a median of 0.78 ppm, while the shallow well water in BFD-endemic areas had an arsenic content between 0.00 and 0.30 ppm with a median of 0.04 ppm. 12 A more recent study, in which water from a total of 83 565 wells all over Taiwan was examined, showed that 29.1% of the wells had an arsenic content greater than 0.05 ppm and 5.2% of the wells had an arsenic content greater than 0.35 ppm, with the highest value of 2.5 ppm in the BFD-endemic area; in other areas of Taiwan, only 5.7% of the wells had an arsenic content greater than 0.05 ppm and 0.3% of the wells had an arsenic content greater than 0.35 ppm. 13 The arsenic content of surface soil samples in the BFD-endemic area ranged from 5.3 mg/kg to 11.2 mg/kg with a median of 7.2 mg/kg, and farm products and fish also had significantly high arsenic contents in areas where artesian well water was extensively used for agriculture and pisciculture. 14 It was estimated that the total amount of arsenic ingested daily by residents in BFD-endemic areas was as high as 1 mg. 15 
Clinical Manifestations and Pathological Findings
BFD is an endemic peripheral vascular disease with an insidious onset and initial symptoms of numbness, coldness, or both in one or more extremities. The disease usually progresses to ulceration, black discoloration, dry gangrene, or all these changes. A small ulcer following a trivial trauma tends to extend with lancinating, gnawing, and burning pain. In the end stage, the dry gangrene leads to spontaneous amputations of distal parts of affected extremities. The pathological features of BFD have been extensively examined in 63 amputated parts of extremities from 51 BFD patients. 3 The disease was compatible with two distinct histological types: thromboangirtis obliterans and arteriosclerosis obliterans, although gross anatomically all showed the same appearance of dry gangrene of the affected extremities with or without sharp demarcation depending on the extent of secondary infection.
The most striking features of the thromboangiitis obliterans type of BFD included: segmental occlusion of both arteries and veins, occlusive lesions of various stages in There were 241 patients with blackfoot disease and 759 controls matched for age, sex, and residence. different vessels or in the same vessel, fibrinoid degeneration of intimal connective tissue in larger vessels, fibrinoid necrosis of the whole vessel wall in arterioles or venules, proliferation and activation of vascular endothelium, marked arteriosclerotic changes, and frequent medial calcification.
In the arteriosclerosis obliterans type of BFD, the occluding lesions were mostly older than those in arteriosclerotic gangrene in the general population. Significant and intensive arteriosclerotic changes with marked atheroma formation, calcification, bone formation, hyaiinization, and increase in elastic fibers in intimal coat were observed. Medial calcification and pipe-stem artery commonly occurred, while marked adventitial fibrosis was also seen.
In the same study, generalized atherosclerosis was observed in all three autopsy cases of BFD. The atherosclerosis was especially marked in the coronary arteries, even in a 24-year-old woman who had thromboangiitis obliterans. The conclusions were that "the fundamental vascular changes in common in both groups of blackfoot disease is an unduly developed severe arteriosclerosis, leading to pure arteriosclerotic gangrene of extremities in 69.23% and the thromboangiitis obliterans is another disease superimposed on pre-existing or co-existent arteriosclerosis."
Diagnostic Criteria and Stage Definition
The diagnosis of the disease depended en: 1) objective signs of ischemia (absence or diminution of arterial pulsations, pallor on elevation or rubor on dependency of ischemic extremities, and various degrees of ischemic changes in the skin); and 2) subjective symptoms of ischemia (intermittent claudication, pain at rest, and ischemic neuropathy). All BFD cases involved in this study were diagnosed by the physician who established the diagnostic criteria for the disease. 1 The manifestation of BFD can be classified into three stages: Stage I, patients had complaints of numbness, coldness, pain, or ulceration of an affected extremity; Stage II, patients had evidence of 454 ARTERIOSCLEROSIS VOL 8, No 5, SEPTEMBER/OCTOBER 1988 
Case Recruitment and Control Selection
In the patient-control study on multiple risk factors of BFD, all living BFD patients residing in the townships of Peimen, Hsuechia, Putai, and Ichu were recruited as the patient group. A total of 305 patients were identified and confirmed from current addresses. Two-thirds of these BFD patients had the onset of disease before 1970, and one-third of them had an onset after 1970. Under the conditions of detecting an odds ratio of 2.00 at the significance levels of a = 0.05 and /3 = 0.10, the exposure rate in the control group of 10%, and the minimum patient number of 210 (70% response rate), the minimum number of controls required was estimated as 650. Taking nonresponses into consideration, we selected a total of 915 controls (a control/patient ratio of 3:1) as candidate interviewees. To select a representative and comparable control group, we sampled healthy community controls who were group-matched on age, sex, and resident township. Households in four townships were first systematically sampled from the household lists in the Household Registration Offices, where every birth, death, marriage, and migration is mandatorily registered. All family members in each sampled household were enlisted with information on their age, sex, and living address. All subjects were further stratified into different age-sex-residence groups. According to the frequency distribution of age, sex, and resident township, a random sample of controls was selected through simple random sampling within each sampling stratum.
Structured Questionnaire on Blackfoot Disease Risk Factors
A structured questionnaire was designed, pretested, and revised to obtain information on the possible risk factors of BFD. Risk factors that were explored included sododemographic characteristics, occupational history, duration of sunshine exposure at work, residence years in various villages during the lifetime, types and duration of drinking water since early childhood, family history of BFD, history of cigarette smoking and alcohol drinking, food consumption frequency 30 years previously, and previous history of major diseases including diabetes, hypertension, heart disease, stroke, cancers, and liver diseases. Sociodemographic characteristics, occupational history, and residential experiences obtained from the questionnaire were double-checked with the household registration records. Any discrepancy was further questioned and corrected. The number of years of artesian well water use in different chronological periods was cumulated. The numbers of affected and unaffected parents, siblings, and offspring were obtained in the questions regarding family history of BFD. In the history of cigarette smoking and alcohol drinking, the age beginning, the quantity, and the duration of use were included. Because it was difficult for study subjects to recall detailed food consumption before 1960, the one-week consumption frequency, rather than the quantity of various consumed food items, was explored. The food consumed by residents in the BFD-endemic area was simple and scarce, so the food items questioned included staple food (rice and dehydrated sweet potato chips), vegetables, fruits, eggs, pork, chicken, and fish. Because of the lack of information on quantity of food consumed, it was not possible to calculate the exact nutrient intake. However, there was sufficient information to allow a comparison of the relative intakes of protein, carbohydrate, lipid, vitamins, and trace elements among the study subjects. The food consumption frequency was categorized into four groups: daily, 4 to 6 meals per week, 1 to 3 meals per week, and less than 1 meal per week. To avoid possible recall loss, all the information was solicited in sequence in age or chronological periods.
Arsenic Poisoning Examination
Because the association of arsenic with skin keratosis and skin cancer is well established, keratosis and skin cancer were considered as better indicators of long-term (at least 20 years) cumulative exposure to arsenic than were the arsenic content in hair or urine. A physical examination of arsenic-related skin lesions was carried out. Skin lesions, including hyperpigmentation, keratosis, and cancers, were recorded as four different categories: no lesion observed, less than 25% of body surface involved, 25% to 50% involved, and more than 50% involved. As hyperpigmentation is not considered as a specific lesion of chronic arsenic exposure, 16 an individual was classified as arsenic-poisoned if he or she had keratosis or cancer of the skin. The types of skin cancer observed among residents in the BFD-endemic area were intra-epidermal carcinoma (60%), squamous cell carci-noma (20%), basal cell carcinoma (15%), and a mixture of these types. None of the study subjects was affected with melanoma. Skin cancer and keratosis were used as indicators of arsenic exposure, rather than as criterions for the BFD diagnosis.
Standardized Home Visit Personal Interview
Nine public health workers in local hearth centers of the studied townships were trained as home visit interviewers. They had worked in the studied areas for more than 15 years and had participated in the BFD control program and arsenic-related skin lesion survey for more than 10 years. They had good personal relationships with the residents of the studied areas. All interviewers were well-trained on the details of the study, including questionnaire contents and interview techniques, to assure intraand interinterviewer reliability. An Interviewee was classified as a nonrespondent unless three home visits had been carried out on separate days. Interviewers were requested to score the reliability of the interviewee's response. Those questionnaires rated as unreliable by interviewers were not included in the data analysis. A total of 249 (81.6%) of the 305 enlisted BFD patients and 759 (83.0%) of the 915 healthy controls were interviewed. Although none of the controls' responses was rated as unreliable, there were eight (3.2%) interviewed BFD patients whose questionnaires were rated as unreliable by interviewers and who were excluded from the data analysis. 
Multiple Logistic Regression Analysis of Blackfoot Disease Risk Factors
Mantel-Haenszel chi-square test and summary odds ratio 17 were used to analyze the association between risk factors and the disease. In the logistic regression analysis, 18 all the risk factors were categorized in a way to allocate about an equal number of study subjects into each category of these variables. BMDP statistical software was used to estimate regression coefficients through maximum likelihood method. Only those independent variables with a p value of less than 0.20 to enter into the regression equations were included. Two separate comparisons were carried out in data analyses: one was between all BFD cases and controls and another was between BFD cases of Stages II or III and controls.
Nonconcurrent Cohort and Person-Years Observed
To examine the mortality from malignant neoplasms of internal organs and vascular diseases in BFD patients, a nonconcurrent cohort composed of BFD patients who were living on January 1, 1968 and those who developed disease after this date was identified. January 1, 1968 was chosen as the beginning date of follow-up because the death registration system in Taiwan was computerized on that date, resulting in improved quality and completeness of death certificate registration. A total of 871 BFD patients (483 men and 390 women) in the townships of Peimen, Hsuechia, Putai, and Ichu were included in the cohort. Every BFD patient included in the nonconcurrent cohort was followed from March through June, 1984. The new addresses of those who had moved from their original residences were obtained from the Household Registration Offices, and these BFD patients were followed at their current address if they still lived in the studied areas. The death certificates of those BFD patients who died between January 1, 1968 and December 31, 1983 were obtained from the Household Registration Offices. A family member of the deceased, usually a spouse or offspring, was interviewed to confirm the cause of death. Among 437 male and 352 female BFD patients in the nonconcurrent cohort, 46 (19.5%) men and 38 (9.7%) women were lost when they moved outside the study area. The life-table method 1 " was used to calculate person-years under observation for each individual according to the entry date (January 1, 1968 for those who developed the disease before 1968 or the date at first diagnosis for those who developed the disease after this date) and the termination date (December 31, 1983 for those who were still alive or the date at death during the follow-up period). The person-years under observation were further grouped into different age groups. There were 7578 person-years, including 3946 for men and 3632 for women.
Standardized Mortality Ratio from Cancers and Vascular Diseases
A total of 275 male and 182 female BFD patients died during the study period. Death certificates of these 457 persons were obtained from the Household Registration Offices. Eight persons had ill-defined causes of death. Among the 449 persons with diagnosed causes of death, 108 (24.1%) died from cancers, including six persons with "cancer, unspecified," "carcinoma in situ," or "metastatic cancer"; 98 persons (21.8%) died from cardiovascular diseases (CVD); 45 persons (10.0%), from cerebrovascular accidents (CVA); and 52 persons (11.6%), from peripheral vascular diseases (PVD), mostly arteriosclerotic gangrene. From the 102 deaths from well-specified causes of cancer, there were 15 from bladder cancer, 7 from skin cancer, 3 from kidney cancer, 2 from prostate cancer, 28 from lung cancer, 17 from liver cancer, 4 from colon cancer, 3 from esophagus cancer, 7 from stomach cancer, and 16 from other cancers. To compare mortality from cancers and vascular diseases between BFD patients and the general populations in Taiwan or in the BFD-endemic area, an indirect adjustment method 20 was used to estimate the standardized mortality ratio (SMR). This method used age-sex-specific mortality rates from 1968 to 1983 in Taiwan or in the BFD-endemic area as standard rates. The expected number of deaths for each cause was calculated by summing up the products of the age-sexspecific mortality rates of the given cause in the standard population and the age-sex-specific person-years under observation in the BFD cohort. The SMR was derived from dividing the observed death number by the expected death number and multiplying by 100. Table 1 shows the demographic characteristics of the 241 BFD patients and the 759 age-sex-residencematched healthy community controls who were interviewed. The healthy controls had similar frequency distributions in residence, age, and sex to those of the total BFD subjects or the BFD subjects at Stages II or III. In other words, interviewed patients and controls were comparable with regards to residence, age, and sex. Table 2 compares the formal educational status, occupational sunshine exposure, the duration of artesian well water consumption, arsenic poisoning, and family history of BFD between patients and controls. BFD patients had less formal education and more exposure to sunshine for more than 6 hours/day than did controls. Artesian well water consumption was positively associated with BFD in a dose-response relationship. Artesian poisoning was found more frequently in BFD patients than in controls, and family members of BFD patients were more likely to be affected with BFD than were those of controls. Table 3 indicates the differences in cigarette smoking, alcohol drinking, and previous food consumption between BFD patients and controls. There was no significant difference in cigarette smoking and alcohol drinking between BFD patients and controls. However, BFD patients were less well-nourished than controls. BFD patients consumed 458 ARTERIOSCLEROSIS VOL 8, No 5, SEPTEMBER/OCTOBER 1988 Standardized mortality ratio (SMR) II using rates of age-sex-specific mortality from various causes of residents in the blackfoot disease-endemic area as standard rates (SMR in Taiwan is 100). NS = statistically nonsignificant. more dehydrated potatoes and less meat, eggs, and vegetables than did healthy controls.
Results
Multiple Risk Factors of Blackfoot Disease
Because several risk factors were intercorrelated, multiple logistic regression analysis was used to estimate the odds ratio of developing BFD for each risk factor when the effects of other factors were adjusted. Table 4 illustrates the results of multiple logistic regression analysis. The duration of artesian well water consumption was positively associated with the development of BFD in a doseresponse relationship. Both arsenic poisoning and family history of BFD were found to be significantly associated with the disease. BFD subjects did consume more dehydrated sweet potatoes and fewer vegetables than did healthy controls. Although the consumption frequency of eggs and meat was lower in BFD subjects than in controls, the difference was not statistically significant. Neither formal education nor occupational sunshine exposure had any significant Impact on the development of BFD.
Mortality from Cancers and Vascular Diseases
A total of 789 BFD patients were identified for study of their mortality from cancers and vascular diseases. During the study period, there were 3946 person-years observed for men and 3632 person-years, for women as shown in Table 5 . The most person-years observed were in the age groups of 40 to 69 years old. Table 6 depicts the SMR from cancers and vascular diseases in BFD patients as compared with the general populations in Taiwan or in the BFD-endemic area. Using the mortality rates of malignant neoplasms of the Taiwanese population as standard rates, the SMRs for cancers of bladder, skin, kidney, prostate, lung, liver, colon, esophagus, and stomach were 3880, 2846, 1953, 1729, 1049, 466, 381, 305, and 194 , respectively, in BFD patients. As compared with the general Taiwanese population, the SMRs for PVD, CVD, and CVA were 1243, 209, and 118, respectively. The SMRs were statistically significant for cancers of bladder, skin, lung, liver, colon, PVD, and CVD. Using mortality rates of malignant neoplasms of the general population in the BFD-endemic area as standard rates, SMRs for cancers of bladder, skin, kidney, prostate, lung, liver, colon, esophagus, and stomach were 255, 451,160, 268, 284,248,230,222, and 202, respectively, in BFD patients. As compared with the general population in the BFDendemic area, the SMRs for PVD, CVD, and CVA were 351, 160, and 107, respectively, in BFD patients. The SMRs were statistically significant for cancers of bladder, skin, lung, liver, PVD, and CVD. Generally speaking, BFD patients had a significantly higher mortality from cancers of bladder, skin, lung, liver, PVD, and CVD than did the general population in Taiwan or in the BFD-endemic area.
Discussion
The dose-response relationship between BFD and consumption of high-arsenic artesian well water observed in this study is consistent with those reported previously. Prevalent, rather than incident, subjects were recruited for the patient group. In such a study design, it is necessary to assume that disease duration is not associated with the risk factors studied. If the assumption were not justified, the odds ratios thus estimated for the risk factors might be underestimated. Healthy subjects Irving in the same townships are more likely to share common sources of drinking 459 water; the residence-matching might result in overmatching with regards to the drinking water resource and thus might reduce the association between artesian well water consumption and the development of BFD. Under such conservative circumstances, we still found an association between the consumption of artesian well water and BFD.
In addition to arsenic compounds, other substances (including heavy metals, organic chlorides, ergot alkaloids, and fluorescent substances) have been identified in the artesian well water. As both keratosis and skin cancer have been well-documented as resulting from chronic arsenic poisoning, these were used as a specific index of cumulative arsenic exposure to differentiate the effects of arsenic and other compounds on the development of BFD. The index was found to be significantly associated with the disease. It is reasonable to conclude that arsenic is one of the major risk factors of BFD. The mechanism of arteriosclerosis induced by inorganic arsenic deserves further investigation either through animal experiments or through molecular and cellular studies. Whether arsenic induces arteriosclerosis by interfering with the hemodynamic system, the dotting and fibrinolysis mechanism, the inflammation and immune system-mediated reactions, endothelial damage and smooth muscle cell proliferation, lipid metabolism and accumulation, or with other mechanisms related to the pathogenesis of arteriosclerosis still remains to be assessed.
After adjusting for the arsenic poisoning, the consumption of artesian well water was still highly correlated with BFD. This suggests that substances other than arsenic may be involved in the determination of BFD. However, arsenic is the only chemical that has been examined extensively in water samples from more than 1000 wells in the endemic areas. 13 Further exploration of agents other than arsenic from well water is necessary for the elucidation of the multifactorial etiology of BFD. Fluorescent substances containing inorganic arsenic have been isolated from artesian well water and have induced BFDcompatible lesions in experimental mice. 21 The complex mixture extracted from the artesian well water needs further purification and characterization for identification of the factors responsible for the BFD development.
As a disease showing pathological changes compatible with thromboangiitis obliterans and arteriosclerosis obliterans, BFD is suspected to be related to hyperlipidemia. However, BFD patients were found to have serum cholesterol and triglycerides levels within the normal ranges. 2 Furthermore, residents in BFD-endemic areas were found to have very poor nutrition. 9 Hyperlipidemia seems not to be a major reason for BFD development. In this study, BFD patients consumed less meat and eggs than did healthy controls. In other words, BFD patients had lower intakes of fat and cholesterol than did healthy controls. BFD patients consumed dehydrated sweet potato chips, the major food for rural residents in Taiwan before 1960, more frequently than did healthy controls. The dehydrated sweet potato chip contains much less starch than does rice. Because rice and sweet potatoes were staple foods for the study subjects, BFD patients apparently had lower calorie intakes than did controls. Because both patients and controls took few vitamin supplements before 1960, vitamins and trace elements were mostly obtained from vegetables, pork, fish, and eggs. The lower consumption of vegetables, pork, fish, and eggs by BFD patients suggests a lower intake of vitamins and trace elements in BFD patients than in controls. Undernourishment, with a low intake of calories, protein, vitamins, and trace elements, is implied as a significant risk factor of BFD. It may be involved in the pathogenesis of BFD by causing the impairment of endothelial structures, enzyme systems related to the maintenance of a normal vascular function, the hemodynamic system, the clotting and fibrinolysis mechanisms, and the immune system.
A familial aggregation of BFD was also observed in this study. To minimize the recall Was, only first-degree relatives were included. The familial aggregation may have resulted from common environmental or genetic factors shared by family members. After adjusting for artesian well water consumption, arsenic poisoning, and undernourishment, the familial tendency still existed. Although there may be other common environmental factors not explored in this study, genetic susceptibility is a sound explanation for the familial aggregation. The arsenicmethylation capacity 22 or other genetically determined factors that predispose to arteriosclerosis should be investigated.
In the 15-year follow-up study on the mortality of BFD patients, a significantly high mortality from CVD and PVD was observed. Because they are affected with lesions that result from arteriosclerosis, BFD patients are expected to have significant risks of death from vascular diseases. However, their mortality from CVA was almost the same as in the general population in Taiwan or in the BFDendemic area. Inorganic arsenic does pass the bloodbrain barrier, but the levels of arsenic in the brain were rather tow compared with those in other tissues. 22 This might partly explain why the CVA mortality was not higher in BFD patients. The results of vascular mortality were consistent with those observed in the autopsy series of BFD patients. Generalized arteriosclerosis was found to be much more marked in coronary and peripheral vessels than in brain vessels. 3 BFD patients were at much higher risk of developing cancers of internal organs than were people in the general populations in Taiwan and the BFD-endemic area; this was especially true for cancers of bladder, skin, kidney, prostate, lung, and liver. The significantly high cancer mortality might have resulted from the consumption of artesian well water, arsenic poisoning, and undernourishment which were related to the development of BFD. The occlusion of circulation due to the thromboangiitis obliterans or arteriosclerosis obliterans might also predispose to cancers of the internal organs. The retardation of microcirculation might lengthen the time period for the passage of toxic substances through the capillary bed, and thus increase the exposure of target organs to these toxic substances. The associations of arsenic with cancers of skin and lung have long been well-established. The increased risk of dying from skin and lung cancers further supports the role of arsenic in the development of BFD. Residents in the BFD-endemic area had much ARTERIOSCLEROSIS V O L 8, No 5, SEPTEMBER/OCTOBER 1988 higher mortality from skin cancer, mostly epidermoid and basal cell carcinoma, and cancers of lung, liver, bladder, and kidney than did the general population in Taiwan. 10 BFD patients had even higher mortality from these cancers than did residents in the BFD-endemic area as shown in this study. The consumption of artesian well water by BFD patients, residents in the BFD-endemic area, and the general population in Taiwan was in a decreasing gradient as was the mortality from skin and internal organ cancers. The phenomenon suggests that arsenic may play an important role in cancers of bladder, kidney, prostate, and liver, as well as in the development of skin and lung cancers. The multiplicity of carcinogenic effect of arsenic on skin and various internal organs needs further study.
